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???????????? 3 ??????????????????3 ????????
????????? (Phase-Only Correlation: POC) ???? 3 ?????? [12] ?
????POC ????????????? (Discrete Fourier Transform: DFT) ???
???????????????????????? [13, 14] ????????????
??????? POC ?????????????????????????????
?????????????????? POC [15] ?????????Structure from
Motion (SfM) [5, 16] ???????????????????????? 3 ?????
?????????? 3 ?????????????????????????????
????????????????????????????????????????














? 2 ?????????? 3??????????????????????????
?????????????????? 3 ???????? 3 ???????????
????????? 3 ????????????? MVS ?????????????
????????????????????????????????????????
??????????????????? 4 ??????????????

















??? 3 ??????????????????????????????? 3 ??
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??????????????????????????????????????
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2.2 ??? 3???????
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???????SIFT (Scale-Invariant Feature Transform)[22] ? SURF (Speeded-Up
Robust Features)[23] ??????????????????????????????
????????????????????????????????????????





















?? 2???????????????????????????? [5, 16]??????
????????????????????????????????????????





Optical rays must intersect 
at a 3D points
? 2.1 ????????????? [8]?????????????????
?????????????? 1?????
????????????????????????????????? 3 ?????






Structure from Motion (SfM)
Structure from Motion ????????????????????????????
????????????????? [5, 16]???????????????????
???????????????????????????SIFT ? SURF ?????
?????? [22, 23] ??????????????????????????????
? 2? ??? 3????????????????????????????? 10
???????Direct Linear Transformation (DLT) ???????????????
? [5, 16, 24, 25]??????5??????? [28]? P3P????? [29]?????
????????????????????????????????????????





????????RANSAC (RANdom SAmple Consensus) [30] ??????????




Structure from Motion ????????????????? 3??????????
??Structure from Motion ????? 3?????????????????????
?????????????????????????? 3 ????????????
???????????????? 3???????????????????????
?? (Multi-View Stereo: MVS) ??????????????
????????????? photometric consistency????? photo-consistency
????????????????????????????????????????


























? 2.2 Photo-consistency ??????????? [8]?3 ??? Xi ???
???????????????????????????????????
???Photo-consistency????????????????
3 ?????????????????????????? 3 ?????????
?????????????????????????????? 3 ??????















??????????????????????????? 3??????? [35, 36, 37]?
??????? 3 ?????????????????????????????? 3
????????????????????????????????????????
??3 ?????????????????????????????????????













(b) ????????????????? 3 ??????? [38, 39, 40, 41, 42, 43]??
????????????????????????????????????????
????????????????????????????????????????
??? 3 ??????????????????????????????? [44] ??


















????3 ??????????????????????????????? 3 ???




???????????????(a) ???? 3????????(b) ???????
?????????????? 3??????? [46, 47, 48]????? 3???????









?????????????????Furukawa ????????? 3 ??????
[48] ??????????Furukawa ???????DoG (Diﬀerence-of-Gaussian) ?


































































































?????????????? 3 ?????????? 2.7 ????????????
????????????????????????????????????????
Tsuchida????????????? 2????????????????6????
? 2? ??? 3????????????????????????????? 17



























??RGB ????????? XY Z ?????????????????????
??????????????????????????? 3 ?? RGB ?????






????????????????????? RGB = (255, 0, 0), (0, 255, 0), (0, 0, 255)
? 2? ??? 3????????????????????????????? 19



























??? 3 ???????? 3???????????????????? 3?????








?????? 3 ?????????NCC ????????????????????
????????????????? 3??????????????????????





????????????????? 3 ????????????? [12]???????
??????????????????? POC ??????????????????
???????????? 3 ????????






??????? N1 ×N2 ????? 2????? f(n1, n2), g(n1, n2) ??????
?????????????????? n1 = −M1, · · · ,M1 ????n2 = −M2, · · · ,M2
????????? N1 = 2M1 + 1 ?????N2 = 2M2 + 1 ???????????
????????????????????????????????2???????
? 3? ??????????????? 3 ???? 21
??? N1, N2 ????????????????????
?? f(n1, n2), g(n1, n2) ? 2?????????? (2D DFT) ????? F (k1, k2),
G(k1, k2) ??????????





























n2=−M2 ???????AF (k1, k2),
AG(k1, k2) ????????????θF (k1, k2), θG(k1, k2) ????????????
?????F (k1, k2) ? G(k1, k2) ??????????????????????
R(k1, k2) =
F (k1, k2)G(k1, k2)
|F (k1, k2)G(k1, k2)|
= ejθ(k1,k2) (3.3)
????G(k1, k2) ??G(k1, k2) ????????????θ(k1, k2) = θF (k1, k2) −
θG(k1, k2) ????



























? 3? ??????????????? 3 ???? 22
?????????? 2 ???? fc(x1, x2) ?????x1, x2 ???????δ1, δ2
????? x1, x2 ???????????????????????????????
fc(x1, x2) ? (δ1, δ2) ???????????fc(x1 − δ1, x2 − δ2) ??????????
????? fc(x1, x2), fc(x1 − δ1, x2 − δ2) ?????? T1, T2 ?????? 2???
?????????????? f(n1, n2) ? g(n1, n2) ???????????
f(n1, n2) = fc(x1, x2)|x1=n1T1, x2=n2T2
g(n1, n2) = fc(x1 − δ1, x2 − δ2)|x1=n1T1, x2=n2T2
????n1 = −M1, · · · ,M1,n2 = −M2, · · · ,M2 ?????????????????
???? f(n1, n2) , g(n1, n2) ???? POC ??????????????????
(δ1, δ2) ????????????????????? δ1, δ2 ???????????
????????????????????????????? f(n1, n2), g(n1, n2) ?
2D DFT ????? F (k1, k2), G(k1, k2) ?????????????????????
????









F (k1, k2), G(k1, k2) ?????????????? R(k1, k2) ???????????
R(k1, k2) =
F (k1, k2)G(k1, k2)
|F (k1, k2)G(k1, k2)|
 ej 2πN1 k1δ1ej 2πN2 k2δ2 (3.6)










































sin{ πN1 (n1 + δ1)}
sin{π(n2 + δ2)}
sin{ πN2 (n2 + δ2)}
(3.7)
?????????????? (δ1, δ2) ?????? POC?????????????
? (3.7)?????δ1, δ2 ???????POC?? r(n1, n2) ? (n1, n2) = (δ1, δ2) ??
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? 3.1 POC ?? r(n1, n2) ? 3 ????? 2 ??????: (a) (δ1, δ2) =
(0, 0)?(b) (δ1, δ2) = (0.5, 0)?(c)?? (a) ?????????? (n2 = 0)?
(d)?? (b) ?????????? (n2 = 0)
? 1 ????????? 0 ??????????? Kronecker ?????????*1?
????(δ1, δ2) = (0, 0) ????POC??????????? 3.1 (a),(c)??
r(n1, n2) =
{
1 n1 = n2 = 0???
0 ??????
(3.8)
2??????????POC?? r(n1, n2) ????????? 1 ?????????
???????2??????????? (δ1, δ2) ????????????r(n1, n2) ?
??????????????2?????????????????????????
*1 ???????????????????????????????????????????????
??? r(n1, n2) ???????????????????????????????????????
???????????
? 3? ??????????????? 3 ???? 24
????δ1 ???? δ2 ????????r(n1, n2)?????????????????
?????????????????????????????????POC????
???? (3.7)?????????????????????? POC???? (3.7)?
???????????????????r(n1, n2) ????????????????
?????????????
????????????????????POC?? r(n1, n2) ??????????
?????????????2?????????????? (δ1, δ2) ????????
??? r(n1, n2) ???????????????
r(n1, n2)  α
N1N2
sin{π(n1 + δ1)}
sin{ πN1 (n1 + δ1)}
sin{π(n2 + δ2)}
sin{ πN2 (n2 + δ2)}
(3.9)
????α ??r(n1, n2) ?????????????????????????????






?????????????? [15]??????????????? 2 ??????
fi(n1, n2) , gi(n1, n2) (i = 1, 2 · · ·N)??? 1 ?? POC?? rˆ(n1, n2)???????
?? i ???????????????????N ?????????????? 3 ?
??????????? N = 3 ????????????????????????




i=1Wi (k1, k2)Ri (k1, k2)∑N
i=1Wi (k1, k2)
(3.10)
??? Wi (k1, k2) ??????????????????????????????
POC ?? rˆ(n1, n2) ????????????????? Rˆ(k1, k2) ? IDFT ????
????????????????????????????????????????
??????????????Wi (k1, k2)??
Wi (k1, k2) =




? 3? ??????????????? 3 ???? 25
(i) Feature point tracking (ii) Sparse reconstruction (iii) Mesh generation (iv) Dense reconstruction
?
? 3.2 ??????????????? 3????: (i) ?????????
??? POC ??????????????(ii) SfM ?????? 3 ???




??????? 3.2 ?????(i)???????????? POC?????????
??????(ii)SfM ?????? 3?????(iii)?? 3?????????????
















?????? i ?????? Ii (i = 1, 2, · · · ,K)?????????????????
? 3? ??????????????? 3 ???? 26
???? D ?????? Ii ?????????????????????? 3.3 ??
??????????????
????? Ii ????????????????????????????????
??????????????????Shi ???????? [59] ??????????
????Shi ??????Harris ??????????? [60] ??Rosten ??????
??? [61] ????????????????????????Shi ?????????
Ii ???? (u, v) ??????? h(u, v) ???????????
h(u, v) = min(λ1, λ2) (3.12)


















????Iu, Iv ? Ii ? u,v ??? 1????w(x, y) ??? (u, v) ?????? 2???
???????????????? h(u, v) ?????????????????h(u, v)
????????? (u, v) ???????????????? F detected,i ?????
3.3(a)????????????????????? [62] ??????????????
???????????????? D ????????????????????Ii ?
????????????????????Ii ??????????? F detected,i ??1
???????? Ii−1 ???????????????? F tracked,i ?????Ii ??
???????? F i ?????????????????????????F tracked,i
??????????????? F detected,i ?????????? mj ∈ F tracked,i ?
??????? D ?????????????? Dj ??????????? F i ??
???? 3.3(b)(c)??
F i = F tracked,i ∪ (F detected,i \D) (3.14)
????D =
⋃
jDj ???????F tracked,1 = ∅ ??????




?? POC ????????????? [15]??????POC???????????
?????????????????????





? 3.3 ?? Ii ?????????????????: (a) Ii ???????
?????(b) ????? Ii−1 ????????????????????




?????????????? 3???????????????? [16, 5]?SfM??







2???? I1?Iα ???????? C1,Cα ?????????????????R1?
t1 ???Rα?tα ?????C1 ? Cα ????????????????? 3????
?????????C1 ????? R1 ? 3× 3 ????? I??????? t1 ? 3× 1
?????????C1 ??????????????C1 ? Cα ??????????
????C1 ???? Cα ??????????????????????????? 5
??????? [28] ?????C1 ? Cα ??????? E ???????? 5???
??????8 ???????? 7 ??????? [16]?6 ??????? [63] ???
????????????????????????????????????????
RANSAC[30] ???????????????????????????? E ???
??????RANSAC ?????????????????????????????
????????????????????????????????????????









????x˜ ? x ????????x˜′T ? x˜′ ???????
Ex˜ = [l1, l2, l3]
T






??????????????  ??????????E ? x?x′ ?????????
??????????????????? E ???????? Cα ????? Rα ??
????? tα ???? [16]?????C1 ? Cα ??????????????? 3?
???????C1 ?????????????? m = (u, v) ??m ????? Cα ?
????????????? m′ = (u′, v′) ??????? 3????M ??????
???
M = B+b (3.16)





up31 − p11 up32 − p12 up33 − p13
vp31 − p21 vp32 − p22 vp33 − p23
u′p′31 − p′11 u′p′32 − p′12 u′p′33 − p′13












????B+ ? B ??????????pnm?p′nm ???????C1?Cα ?????
P 1 = K1[R1 t1]?P α = Kα[Rα tα] ???? n ? m ??????????????
? 3 ??????????????????????? 3 ?????????????
???
????
?????????????? Ii ???????? Ci ???????? Ri, ti ??
???3?????????????????????? Ii ?????????????
?? 3???????????????? Ci ???????? Ri, ti ???????
????Kneip ???? [29] ?????Kneip ??????????? 3????? 3









????????????????? 3?????????? [16, 5, 24]???????
???????????? 2???????????????????????????
????????????????????????? C1 ?????????????
????????? 3????????????????? Ci (i = 2, 3, ..., Np) ???
????? pi ???? P????? 3??? qj (j = 1, 2, ..., Nq) ???? Q ????
????Np ???????Nq ? 3???????????????????????
? 3? ??????????????? 3 ???? 30








|mi,j −mrep(pi, qj)|2 (3.17)
????mi,j ????? Ci ?????3??? qj ????????????????
?????????mrep(pi, qj) ????????? pi ??????? Ci ? 3???
qj ????????????????????????????????????? 3
?????????? Root Mean Square (RMS) ?????????????????
???????????????????????
?????????????? Ci ???????? pi ???????????Ci ?
???????? 3???? q′j (j = 1, 2, ..., Nq′) ????????Nq′ ??Ci ???

















?? 2?????????????????????????????? Em ????
??????
Em(S) = Evis(S) + λphotoEphoto(S) + λareaEarea(S) (3.19)
????S ?????????????????λphoto ? λarea ??????????
??Evis(S)?Ephoto(S)?Earea(S) ??????????Photo-consistency?????










:Normal vector of 
 the mesh face
:Optical axis of 
:Direction from 
 to the mesh face
:Threshold of 
 disparity angle













??????? Itar ??????????????? Iref ?????????? Itar ?
??????????????? 2 ??????? I ′tar ????????????2 ?
????? (Iref , Itar)?(Iref , I ′tar) ????????????????????????
??????????????????? POC ??????????????????
??? (3.16) ??????????? (Itar, I ′tar) ?????????? 3??????
????
? 3? ??????????????? 3 ???? 32
POC ????????????????????????????????????
????????????????????????????????????????
????Ishii ???? [64] ???????????????????????????
???????????????????????????????????? S ??








????n ??????????????d ???? C ???????????????
R ? t ?????? C ?? C ′ ?????????????????K ?K ′ ????






Cvis = {C ∈ C | (n · dC < 0) ∧ (n · rC < 0) ∧ Pvis(C)} (3.21)
????dC?n?rC ?????????? C ????????????????????
??????????? C ????????????????????????Pvis(C)
????? C ?????????????????????????????????
?????????Pvis(C) ???? Havel ???? [65] ?????
???? 2???????????:
????????????????????? Cref ?????????????
Cref = arg max
C∈Cvis
((n · dC)(n · rC)) (3.22)
????Cvis ← Cvis \ {Cref} ????????????? Cref ??????????
?????? Iref ????
???? 3????????????????:
????? Cref ?????? θth ??????????? Cmatch ??Cvis ????
????????
Cmatch = {C ∈ Cvis | rC · rCref ≥ cos θth} (3.23)
θth ???????????????????????????????????????
? 3? ??????????????? 3 ???? 33
???? 4?2????????????:
Cmatch ?????Cref ??????????????? 1???????? Ctar ?
????????????
Ctar = arg min
C∈Cmatch
(rC · rCref ) (3.24)
????Cmatch ← Cmatch \ {Ctar} ???????Cref ?????? Ctar ?????
?????Ctar ??????????????? 2???????? C ′tar ??????
????????
C ′tar = arg min
C∈Csym
(rC · rCtar) (3.25)
???
Csym = {C ∈ Cmatch | (rCref × rCtar) · (rCref × rC) > 0} (3.26)
????????Cmatch ← Cmatch \ {C ′tar} ????????????? Ctar?C ′tar ?
???????????????????? Itar?I ′tar ????
???? 5???????????????:
????????????????? 3???? Iref ??????????????
???????????????????
???? 6????????:
2???????? (Iref , Itar)?(Iref , I ′tar) ??????????? (3.20) ?????
???????????????????POC ??????????????????
????????????????POC ?????????????????????
???????????????????? ???? 7 ??????????????
????????????????????????????????????????
???????????Cmatch ?????????? ???? 8 ????
???? 7????????????:
?????? (Iref , Itar) ???????????????Cmatch ?????C ′tar ??
????????????? Ctar ??????????????
Ctar = arg min
C∈Cmatch
(rC · rC′tar) (3.27)
????Cmatch ← Cmatch \ {Ctar} ?????????????? (Iref , I ′tar) ????
???????????Cmatch ?????Ctar ??????????????? C ′tar
? 3? ??????????????? 3 ???? 34
??????????????
C ′tar = arg min
C∈Cmatch
(rC · rCtar) (3.28)
????Cmatch ← Cmatch \ {C ′tar} ?????????????? Ctar?C ′tar ????
????????????????? Itar?I ′tar ??????????????????
??????????????? 6 ?????????????????
???? 8?3?????:

















































??????? Camera Calibration Toolbox for Matlab *1 ????????????
*1 http://www.vision.caltech.edu/bouguetj/calib_doc/
? 4? ?????????????????? 37
?????
(iii)??????????????
? 4.3 ???????????????????????????????? 4.3 ?
????????????????????????????????????????
????????? n1,n2????????????????????? θ1 ??????
?????? θ2 ??????????????????????????
n1 sin θ1 = n2 sin θ2 (4.1)
??? θ????? 2?????? r??? b????????????? θr?θb ???
??????? θr, θb ??????????????????????? nr, nb ???
?????????? [66]?
nr sin θr = nb sin θb
nr sin θr/ cos θb = nb tan θb
??? cos θb  cos θr ???????? 2??????????? x??? xr?xb ??
?????????
nr tan θr  nb tan θb
nrxr/f  nbxb/f
xr  αxb (4.2)
????α = nb/nr ???????????? x?????????? r???????





????????????????? αnm ?????? 4.2 ???????????
???
xn  αnmxm (4.3)
?????????? E ????????? αnm ?????????????????
????????????????
xn − αnmxm? = E (4.4)
?????? y?????????????????????????


































????? 3 ????????????????? Iref ??????????????
???? 3?????????????? Iref ??????????????????
????????????????????
? 4? ?????????????????? 40
4.4 ????????
??????????????????????????????????????
? Tsuchida ???? [3] ??????????????? E(λ)??????????
f(λ)????????????????? N?????????? k ????????




k = 1, · · · , N
??????????? 1 ?????????????????????????




hk(λ) ??? f(λ) ????????????????? (4.6) ???????????
???????
g =Hf (4.7)
????H ??[Hki] = hk(λi) ?????? N × L ???????f =
(f(λ1), · · · , f(λi), · · · , f(λL))?g = (g1, · · · , gN )t ????i ?????????
???L ?????????????????380nm∼780nm ? 1nm ???????
???????L = 401 ?????????? f ????? 401???????????
???? g ????????????????????????3?20????????
????????????? g ???????????? f ????????????
?????4.7??????? f ?????????????????????????
????????????????????????????????????????
????? 1 ?????Wiener ?? [52] ???????? f ???????????
??????????????
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1 ρ ρ2 · · · ρL−1
ρ 1 ρ · · · ρL−2










??????? R ??????????????? f ???????ρ ??????
?????????????????????????〈f(λj), f(λj+1)〉 ???????




















?????????????????????????????? 450, 490, 530, 570,
610, 650, 690, 730nm ???? 8????????????????????????
????? CL-500A??????????????????????????????
???????????????? SR-3?TOPCON??????????????3?




??????????????????? Point gray ??? FL3-U3-13E4C-C?RGB
?????? Point Grey Research ??? FL3-U3-13Y3C-C ???????????
?-TRON??? FV1022 ???????????????????1,280? 1,024 pixel
????????????????????? 2??????????????????
?? VIVID910???????? 3??????????? 5.2??????????







Doll 1 Doll 2 Cat
? 5.2 ???????????? 3?????
?????????? 5.3????
5.3 ????
??????????? 3 ??????????????????????? 3
???????????????????????????Scale Invariant Feature







? 5.3 ?????????????(a) Doll 1, (b) Doll 2, (c)Cat
Transform(SIFT) [68] ???? SfM ????????????Furukawa ?? Patch-




???? Daccuracy ? Dcomplete ?????Daccuracy ??3 ?????? P data ??
3 ???????????? 3 ?????????????????????????
????Dcomplete ????? 3 ???? P truth ?? 3 ????????? 3 ???
???????????????????????????????????????
???? 5mm ???????????? Daccuracy ? Dcomplete ??????? 5.4
?????????????????????? 5.1 ?????????? Daccuracy







? 5? ?????? 45
0mm
5mm






































? 5.4 ???? 3 ????????? Daccuracy????? Dcomplete??
???(a)Doll 1?(b)Doll 2, (c)Cat
?? IrefRGB? 3 ??????????????????(ii)?? Iref ?? 50 ?????












? 5? ?????? 46
? 5.1 Daccuracy ? Dcomplete ? RMS [mm] ??????(A) Visu-
alSFM+PMVS?(B) ??????? (C) ????
(A) (B) (C)
Daccuracy 1.58 1.53 1.30
Doll 1 Dcomplete 1.61 1.22 1.17
# of 3D points 78,731 236,769 214,119
Daccuracy 1.37 1.74 1.32
Doll 2 Dcomplete 1.90 1.34 1.15
# of 3D points 109,909 308,441 232,417
Daccuracy 0.80 0.76 0.70
Cat Dcomplete 0.99 1.13 0.84
# of 3D points 82,821 89,349 220,899
(a) Doll1 (b) Doll2
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